INTRODUCTION
Type 2 diabetes is characterized by hyperglycemia and is associated with a high risk of cardiovascular, microvascular, and other complications; it is a heterogeneous disease involving pancreatic b-cell dysfunction and insulin resistance [1, 2] . A progressive decline in b-cell function decreases insulin secretion and disrupts glucose homeostasis [3] [4] [5] .
Glucagon-like peptide-1 (GLP-1), a peptide produced in the entero-endocrine L-intestinal cells, is a major incretin hormone that stimulates insulin secretion after nutrient ingestion. Owing to its involvement in pancreatic b-cell proliferation and survival and the regulation of glucagon secretion, food intake, and gastric and intestinal motility, it has helped develop efficient pharmacologic treatments for diabetes and obesity [6, 7] .
Several GLP-1 receptor agonists (GLP-1ras) with distinct structural and pharmacokinetic properties are currently used to treat type 2 diabetes and to prevent cardiovascular disease, the main cause of death in patients with type 2 diabetes. These agonists improve glycemic regulation with a low risk of hypoglycemia and weight reduction. Furthermore, recent trials on cardiovascular outcomes have reported that GLP-1ras liraglutide and semaglutide reduce the occurrence rate of cardiovascular events and deaths among patients with type 2 diabetes at high cardiovascular risk [8, 9] .
However, some clinical trials have reported that the glucose-lowering effect of GLP-1ras potentially differs among individuals, with some patients exhibiting insufficient responses in the clinical setting. Accordingly, predictors of the therapeutic response to GLP-1ra are needed to identify patient subsets potentially benefiting from GLP-1ras treatment. We hypothesized that residual insulin secretory capacity in patients with type 2 diabetes is an important predictor of the glucose-lowering effect of GLP-1ra. Hence, the present study aimed to identify factors predicting the efficacy of GLP1ras on Hemoglobin A1c (HbA1c) in patients with insulin-independent diabetes. Furthermore, since GLP1-ra promotes weight loss, along with glucose-lowering effects, we evaluated the association between residual b-cell function and weight loss effects of GLP-1ra.
METHODS

Study Design and Ethics
This retrospective, single-center study was conducted at Kanazawa University Hospital between November 2010 and June 2014. All procedures were performed in accordance with the 1964 Helsinki Declaration and its later amendments. The study was approved by the ethics committees at the University of Kanazawa (no. 2014124), and patient consent was waived by the ethics committee owing to the retrospective nature of the study. Since this study was a retrospective observational study that used non-identifiable data obtained by the treating physicians, the study was not registered in the national database of clinical trials in accordance with the ethics committee's decision. Furthermore, the study included an optout method, as shown on our hospital website and the poster at Kanazawa University Hospital, and subjects could opt out of the study at any time.
Participants and Study Assessment
The medical records of patients with insulinindependent diabetes who initially received GLP-1ra therapy at Kanazawa University Hospital between November 2010 and June 2014 were reviewed. Data were collected 24 ± 2 or 48 ± 2 weeks after GLP-1ra administration as the data at 6 and 12 months. The exclusion criteria were renal failure [estimated glomerular filtration rate (eGFR) \ 30 ml/min/1.73 m 2 ], severe hepatic dysfunction, pregnancy or possible pregnancy, hypersensitivity to the trial drugs, or a change in oral hypoglycemic agents (OHA) within 3 months. Patients with insulindependent diabetes with obliterated b-cell function were also excluded. Insulin dependency was defined by a combination of fasting C-peptide immunoreactivity (CPR) B 0.5 ng/ml and stimulated CPR B 1.0 ng/ml by glucagon. Finally, the patients were primarily administered the following treatments before switching to GLP-1ra: insulin therapy (n = 38, daily insulin injection 0.36 ± 0.25 IU/day/kg) or glimepiride (n = 1, 0.5 mg daily). Additionally, 19 patients were administered GLP-1ra therapy without a switch from the previous therapy. The patients were continuously advised on lifestyle modifications, including exercise and diet, as usual. HbA1c, body weight (BW), blood pressure (BP), eGFR, and urinary albumin excretion (UAE) were measured at 6 and 12 months after GLP-1ra administration. The duration of diabetes was defined in accordance with the criteria of the Japan Diabetes Society as years after diagnosis of the disease. HbA1c, eGFR, and UAE were determined through standard laboratory procedures. After the switch to or addition of GLP-1ra, the dosages of GLP-1ra and additional OHA were adjusted to achieve the target HbA1c level (\ 7.0%, 53 mmol/mol). The patients continuously received GLP-1ra treatment for 6 months and were administered sulfonylureas during 6 months at the following doses: glimepiride (n = 23) 0.84 ± 0.83 mg and gliclazide (n = 1) 10 mg.
Endogenous Insulin Secretion from b-Cells
Pancreatic b-cell function was evaluated via a glucagon stimulation test (GST) before the initiation of GLP-1ra therapy. In the GST, stimulation was carried out through i.v. injection of 1 mg of glucagon (Glucagon G Novo; Novo Nordisk, Bagsvaerd, Denmark). The levels of fasting plasma glucose (FPG), plasma glucose 6 min after glucagon stimulation, fasting serum C-peptide (CPR0), and serum C-peptide 6 min after glucagon stimulation (CPR6) were measured. Serum C-peptide levels were measured using an Immunoenzymometric Assay Kit (TOSOH, Tokyo, Japan). Several parameters associated with endogenous insulin secretion, such as the C-peptide index (CPI), increments of CPR after glucagon stimulation (DCPR), and the area under the CPR curve during the GST (CPR-AUC), were obtained. CPI, DCPR, and CPR-AUC were calculated as follows: CPI, CPR0 9 100/FPG [10, 11] ; DCPR (ng/ml), CPR6 -CPR0 [12] ; CPR-AUC, (CPR0 ? CPR6) 9 6/2 [13] .
Statistical Analysis
Data are expressed as mean ± SD values and analyzed using commercially available statistical software (JMP version 11, SAS Institute Inc., Cary, NC, USA); P \ 0.05 was considered statistically significant. The differences between baseline and follow-up measurements were analyzed using paired t tests. The associations between parameter changes and biomarkers of b-cell function before administration were examined via Pearson correlation coefficient analysis. For variables with significant correlations, a multiple linear regression analysis was performed to identify independent factors, adjusting for age, sex, body mass index (BMI), disease duration, and baseline HbA1c. The receiver-operating characteristic (ROC) curve was used to assess the appropriate cut-off values for successful introduction of GlP-1ra. Additionally, the sensitivity and specificity for the optimal cut-off value were calculated from the areas under the curve (AUC).
RESULTS
Clinical Characteristics
Fifty-eight patients (42 males, aged 63 ± 13 years) with insulin-independent diabetes were included in the study cohort. The duration of diabetes was 18 ± 10 years. The FPG was 146 ± 29 mg/dl; fasting CPR, 1.9 ± 0.8 ng/ ml before GLP-1ra administration; CPI, DCPR, and CPR-AUC values at baseline, 1.3 ± 0.6, 2.0 ± 1.3 ng/ml, and 17.3 ± 7.7 ng/ml min, respectively. Fifty-two patients were administered liraglutide, and six patients were administered lixisenatide. Of these patients, three discontinued GLP-1ra (hyperglycemia n = 1, nausea n = 1, refusing GLP-1ra injection therapy after switching n = 1). Cases of severe hypoglycemia or diabetic ketoacidosis were not reported. Table 1 shows the changes in parameter values for patients with insulin-independent diabetes treated with GLP-1ra.
Correlation Between CPR-AUC and HbA1c Reduction
As summarized in Table 1 , treatment with GLP1ra for 6 and 12 months did not significantly reduce HbA1c, with changes from 7.8 ± 1.4%, 62 ± 15.5 mmol/mol to 7.4 ± 1.0%, 57 ± 10.7 mmol/mol (P = 0.112) and 7.4 ± 1.0%, 57 ± 11.1 mmol/mol (P = 0.517), respectively.
A univariate regression analysis revealed a significant correlation between CPR-AUC and changes in HbA1c at 6 months (R 2 = 0.081, P = 0.048); however, this correlation was not significant at 12 months (R 2 = 0.052, P = 0.146) (Fig. 1a, b) . Furthermore, CPR-AUC was significantly correlated with changes in HbA1c for 6 months in accordance with the multivariate regression analysis after adjusting for age, sex, BMI, disease duration, and baseline HbA1c (b = -0.415, P \ 0.001) ( Table 2) .
CPI and DCPR were not significantly correlated with changes in HbA1c at 6 and 12 months (CPI: R 2 = 0.033, P = 0.212 and DCPR: R 2 = 0.074, P = 0.059 against the change in HbA1c at 6 months, CPI: R 2 = 0.008, P = 0.576 and DCPR: R 2 = 0.043, P = 0.189 against the change in HbA1c at 12 months).
To determine the cut-off values for achieving an HbA1c level of \ 7.0%, 53 mmol/mol at 6 months, ROC analyses were performed for CPR-AUC. The estimated cut-off point was 21.9 with 62% sensitivity and 89% specificity (Fig. 2) . The cut-off points for CPI and DCPR were 1.29 (AUC 0.771 with 85% sensitivity and 68% specificity) and 1.8 (AUC 0.795 with 85% sensitivity and 59% specificity).
The subjects were segregated into two groups in accordance with the cut-off value for each parameter (CPI = 1.29, DCPR = 1.8, and CPR-AUC = 21.9). Figure 3 shows the changes in Data are presented as mean ± SD BW body weight, BP blood pressure, eGFR estimated glomerular filtration rate, UAE urinary albumin excretion *P \ 0.01 and **P \ 0.001 in paired t tests Fig. 1 Correlations between CPR-AUC and changes in HbA1c at 6 months (a) and 12 months (b) after GLP-1ra administration. CPR C-peptide immunoreactivity, CPR-AUC area under the CPR curve during the glucagon stimulation test, GLP-1ra glucagon-like peptide-1 receptor agonist
HbA1c at 6 or 12 months after switching to or on addition of GLP-1ra to the treatment regimens of patients with CPR-AUC [ 21.9 (n = 10) and those with CPR-AUC B 21.9 (n = 39). Changes in HbA1c at 6 months differed significantly between the two groups (CPR-AUC [ 21.9, -1.3 ± 2.2%, -14 ± 2.2 mmol/mol, and CPR-AUC B 21.9, -0.1 ± 1.2%, -1.1 ± 2.5 mmol/ mol for 6 months (P = 0.024)); however, they did not differ significantly between the groups at 12 months [CPR-AUC [ 21.9, -0.8 ± 1.0%, -8.3 ± 4.0 mmol/mol and CPR-AUC B 21.9, 0.0 ± 1.0%, 0.2 ± 2.0 mmol/mol at 12 months (P = 0.064)]. Both CPI and DCPR differed Fig. 3 Change in HbA1c during 6 or 12 months in two groups divided by each cut-off value (CPI cut-off value, 1.29; DCPR cut-off value, 1.8 ng/ml; CPR-AUC cut-off value, 21.9 ng/ml min). HbA1c changes at 6 months were significantly different between groups, but differences between groups at 12 months were not statistically significant. *P \ 0.05 in paired t tests. CPI C-peptide index, CPR C-peptide immunoreactivity, DCPR increments of CPR after glucagon stimulation, CPR-AUC area under the CPR curve during the glucagon stimulation test significantly between the two groups divided by the cut-off value at 6 months [CPI [ 1.29, n = 23; -0.8 ± 2.0% and CPI B 1.29, n = 26; 0.1 ± 0.7% at 6 months (P = 0.038) and DCPR [ 1.8, n = 24; -0.9 ± 1.9%, and DCPR B 1.8, n = 25; 0.2 ± 0.7% at 6 months (P = 0.013)]; however, no significant difference was observed at 12 months [CPI [ 1.29, -0.3 ± 1.5% and CPI B 1.29, -0.1 ± 0.7% at 12 months (P = 0.563) and DCPR [ 1.8, -0.4 ± 1.2% and DCPR B 1.8, 0.2 ± 0.9% at 12 months (P = 0.079)].
Correlation Between CPR-AUC and BW Reduction
Treatment with GLP-1ra significantly reduced BW from 70.7 ± 20.0 kg to 65.9 ± 18.8 kg (P \ 0.0001) at 6 months and 66.6 ± 18.3 kg (P \ 0.0001) at 12 months (Table 1) .
Changes in BW at 6 and 12 months were significantly correlated with CPR-AUC (R 2 = 0.145, P = 0.010 and R 2 = 0.155, P = 0.029, respectively) (Fig. 4a, b) . However, a multivariate regression analysis revealed that CPR-AUC was not a significant predictor of BW loss (Table 3) . CPI was significantly correlated with changes in BW at 6 and 12 months (R 2 = 0.142, P = 0.011 and R 2 = 0.163, P = 0.024, respectively); however, DCPR was not significant (R 2 = 0.065, P = 0.092 at 6 months and R 2 = 0.043, P = 0.261 at 12 months).
DISCUSSION
The present results show that b-cell function should be preserved for effective GLP-1ra introduction in patients with diabetes. Changes in HbA1c were significantly correlated with CPR-AUC, as determined via the GST and on a multivariate regression. CPR-AUC from the GST may better predict the glucose-lowering effect of GLP-1ra than CPI or DCPR.
The GST is widely used to evaluate endogenous insulin secretion with high clinical reproducibility. CPR-AUC derived from the GST is strongly correlated with CPI and DCPR in the GST [14] . CPI and DCPR are reportedly useful predictors of the effectiveness of GLP-1ra [15] [16] [17] . Kondo et al. reported that CPI and stimulated CPI (CPR6 9 100/plasma glucose at 6 min after glucagon stimulation) are candidate predictors of the efficacy of liraglutide for achieving HbA1c \ 7.0%, 53 mmol/mol over 24 weeks. An ROC analysis revealed that the independent cut-off value for effective liraglutide introduction is 0.72 for CPI (AUC 0.75, with 81% sensitivity and 61% specificity) and 1.92 for stimulated CPI (AUC 0.76, with 53% sensitivity and 88% specificity) [15] . Moreover, Usui et al. reported a cut-off value of 1.34 for DCPR for the insulin-to-liraglutide switch with liraglutide termination owing to hyperglycemia for 12 weeks (AUC 0.81, with 59% sensitivity and 95% specificity) [16] . However, CPI and DCPR herein were not correlated with changes in HbA1c. Differences in the results may be explained through differences in study designs and patient characteristics. The present study cohort exhibited a longer diabetes duration than those in other studies. Kozawa et al. reported that diabetes duration was significantly shorter in liraglutide responders than in liraglutide non-responders. Their ROC analyses for predicting the efficacy of liraglutide aand duration had high AUCs, and its cut-off value, 19.5 years, showed high positive predictive values and high positive likelihood ratios [18] . Furthermore, Kawata et al. reported that a shorter diabetes duration was significantly associated with liraglutide continuation after a switch from insulin therapy [19] . Because of the long diabetes duration, our patients might be weaker GLP-1ra responders than those in previous studies. Furthermore, CPI and DCPR are Fig. 4 Correlations between CPR-AUC and change in BW at 6 months (a) and 12 months (b) after GLP-1ra administration. CPR C-peptide immunoreactivity, CPR-AUC area under the CPR curve during the glucagon stimulation test, GLP-1ra glucagon-like peptide-1 receptor agonist, BW body weight speculated to primarily reflect basal and stimulated insulin secretion, respectively. CPR-AUC is calculated for CPR0 and CPR6 per the trapezoidal rule and may reflect total pancreatic b-cell function, including basal and stimulated insulin secretion. An ROC analysis revealed that a CPR-AUC cut-off value of 21.9 is effective for achieving HbA1c \ 7%, 53 mmol/mol. This cutoff value could be used to select potential GLP1ra responders.
GLP1-ra has not only glucose-lowering effects, but also weight loss effects via appetite suppression. CPR-AUC may also predict weight loss effects. The present univariate regression analysis revealed a significant negative correlation between CPR-AUC and changes in BW (Fig. 4) ; however, this correlation was not significant on multivariate regression analysis. Hence, GLP-1ra reduces body weight independent of b-cell function, concurrent with the finding that residual b-cell function does not affect weight loss and GLP-1ra reduces appetite and BW independent of b-cell function [17] . Kawata et al. reported that DBW at 24 weeks of liraglutide administration was higher with higher baseline daily insulin doses and a longer diabetes duration [19] . Herein, baseline daily insulin doses were similar to those reported previously, while the diabetes duration was longer than those reported previously. A marked BW reduction observed herein is potentially associated with diabetes duration.
The study had several limitations. First, this retrospective, single-center study had a limited sample size; hence, prospective, multicenter studies with an adequate sample size are necessary to confirm the current findings. Second, the insulinogenic index (I.I.) in a 75-g OGTT, HOMA-b, postprandial C-peptide levels at 60 min [20] , and urine C-peptide were not measured herein as parameters associated with the insulin secretion capacity. In particular, I.I. and urine C-peptide are useful parameters for predicting the efficacy of liraglutide in patients with type 2 diabetes [18] . Herein, the medical records of outpatients treated with insulin therapy were collected, and 24-h urine collection could not be performed; furthermore, HOMA-b and I.I. were not measured owing to a cross-reaction with injected exogenous insulin. A 24-h urine collection, 75-g OGTT, or substitute meal test is time-consuming and generally performed during hospitalization, whereas GST is simple and easy, requiring \ 10 min, and can be performed in an outpatient clinic. The assessment of the endogenous insulin-secreting capacity via the GST is an efficient method to predict the efficacy of GLP-1ra. Third, we assessed patients receiving liraglutide or lixisenatide, dichotomized in accordance with the relative half-lives of the drugs: liraglutide is long-acting GLP-1ra, while lixisenatide is shortacting GLP-1ras. Differences in the half-lives of these two classes apparently affect their mechanistic exertion of glucose-lowering effects [21] . Several studies reported the association of residual b-cell function and the clinical effects of liraglutide [15] [16] [17] [18] [19] [20] . However, Yabe et al. reported that lixisenatide is well tolerated across all levels of b-cell function, highlighting the 
CONCLUSION
Residual b-cell function, as assessed from the CPR-AUC via the GST, helps predict the efficacy of GLP-1ra. The once-a-week frequency of GLP1ras treatment is expected to increase owing to the low frequency of injection, safety for hypoglycemia, and expected cardiovascular effects. GST is a simple and easy clinically feasible approach. Accordingly, GST may help determine whether to switch to or add GLP-1ra treatment in patients with insulin-independent diabetes.
